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Louis-Félix BERSIER* & Dietrich R. MEYER** 
INTRODUCTION 
We are still far from explaining and predicting actual species assemblages of 
any community by a set of ru les. Ecological and evolutionary theory has improved 
our understanding of assembly rules in sorne fields : the empirical species-area 
function first described by Arrhenius ( 1 92 1 )  and the log-normal distribution of 
species-abundances (Preston, 1 962) have found a theoretical basis (Sugihara, 
1 980 ; Wissel & Maier, 1 992). The models of ecosystem energetics can only 
predict species richness, species succession and the effect of disturbances in very 
general terms ; the hypotheses still await formai testing (Lotka, 1 925 ; Odum, 
1 990 ; Schindler, 1 990). Sirnilarly, the many observations on food-web structures 
have not yet led to a unified hypothesis as regard to the species composition and 
the number of individuals (see Pimm et al. ,  1 99 1  for a review). More recently, the 
recognition of the importance of historical and regional effects (e.g. Drake et al., 
1 993 ; Ricklefs and Schluter, 1 993) and of environmental variability and distur­
bance (e.g. Chesson & Huntly, 1 989 ; Lavorel et al., 1994) gave a more nuanced 
view of determinism in the structure of communities. A community can evo1ve 
following different trajectories, and tend to alternative states (Kauffman, 1 993 ; 
Law & Morton, 1 993). 
There are, however, many empirically estab1ished relations between environ­
mental factors and individual species. Plants in a given ecosystem form structures 
that are important to animais. Biotic processes inside a given assemblage, for 
example past and present intraspecific and interspecific competition, immigration 
and local extinction, are presumably shaping that assemblage (e.g. Diamond, 
1 975 ; Ricklefs, 1 975 ; Schoener, 1983 ; Gilpin & Hanski, 1 99 1  ; Bock et al.
1 992 ; Danielson, 1 992 for reviews). Sorne species might attract or repel other 
species (in the case of birds see Monkkonen et al., 1 990). These environmental and 
biotic factors act at various spatial and temporal scales (Wiens, 1986, 1989 ; 
Comell & Lawton, 1 992). Whole bird assemblages are presumed to be influenced 
from outside the ecos y stem through neighbourhood effects ( see Danielson, 1992 ; 
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Dunning et al. ,  1992 ; Hansson, 1992) or edge effects (for a review see Ranney, 
198 1 ) . Large-scale and small-scale structural heterogeneities in an ecosystem are 
also thought to influence the animal assemblages (e.g. Freemark & Merriam, 
1986 ; Urban & Smith, 1 989 ; Sugihara & May, 1 990 ; Rolstad, 1 99 1  ; Hansson, 
1992). 
In this paper, we concentrate on the correlations between woody plant 
structures and the plant taxonomie compositions with the nesting bird assemblage 
in riparian (bottomland) forest patches. Severa! authors have studied bird assem­
blages in riparian forests before, but from other viewpoints (e.g. Barbieri & Fasola, 
1975 ; Rice et al., 1 986 ; Finch, 199 1  ; Bock et al. , 1 992 ; Douglas et al. ,  1 992). 
Efforts to correlate either plant structures or plant taxonomie compositions with 
bird assemblages have been made before (e.g. MacArthur & MacArthur, 1 96 1  ; 
Blondel et al. ,  1973 ; James & Wamer, 1 982 ; Blondel, 1 986 ; Thiollay, 1 990), but 
these have generally focused on homogeneous environments. These studies 
revealed general organisational patterns of the bird assemblages in relation to their 
habitat. In contrast, we shall consider forests that are mosaics of patches of 
different vegetation types. The mosaic structures of forests are natural as weil as 
man-made (Blondel , 1 986 ; Remmert, 1 99 1  ; Hansson, 1 992 ; Meyer, 1 993), and 
these structures influence the distribution of birds (Bersier et al. ,  submitted). Do 
the bird assemblages in such mosaic forests show the same general patterns of 
organisation in relation to the vegetation ? To shed sorne light on this question, two 
ways to investigate the relations between plant structure or plant taxonomie 
composition and the bird assemblage are used here. The first brings together the 
various plant parameters with sorne synthetic value of the bird assemblage like the 
diversity index or the number of species (analysis of correlation or regression). 
The second compares the plant parameters with the whole bird matrix (ordina­
tions). 
METHODS 
STUDY AREA, VEGETATION 
The choice of the two taxonomie groups, ligneous plants and birds, for our 
study is justified as foilows. Both are weil known ecologically and systematicaily 
(for birds see Swift et al. , 1 984 ; Cody, 1 985 ; Blondel, 1 986 ; Wiens, 1 989 ; Finch, 
199 1  ; for forests see Eilenberg, 1 982 ; Gehu, 1 984 ; Koop, 1 989 ; Remmert, 
199 1  ). The choice of ri parian forests at the site of lake Grand Lieu has been made 
because they are particularly species-rich and are thus presumed to yield general 
species assembly rules more easily (see Magurran, 1 988 for discussion). Their 
recent histories have been described (Marion & Marion, 1 975).  
In our four study plots (Fig. 1 ) ,  we distinguished 3 1  vegetation types 
according to their structure and their floristic composition. The mosaic patches of 
each vegetation type were theo mapped using aerial photography. The sizes of the 
vegetation patches (n = 276) are distributed log-normally, and varied between 54 
and 20 080 m2, with a median of 1 290 m2. Every vegetation type was described
by two complementary methods, the method using a « stratiscope » (Blondel & 
Cuvillier, 1 977) and the « point centred quarter >> method of Cottam & Curtis 
( 1 956). At !east 50 measurements with the stratiscope and 25 with the point 
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Figure 1 .  - Geographie situation of the four forest plots at Lake Grand Lieu, near Nantes, France. 
centred quarter method were made for each vegetation type following a transect, 
with measurements separated by 4 and 8 meters respectively. The measurements 
using a stratiscope gave the percentage cover in each horizontal stratum. The limits 
of these strata were fixed at 0.25, 0.50, 1 ,  2, 4, 8, 1 6  and 32 m. The measurements 
using the point centred quarter method gave the average and standard deviation of 
the distances between trees and between shrubs (less than 5 rn high), of the heights
of trees and of shrubs, and of the diameter (dbh) of trees. Together with this 
method, we noted the species of each recorded tree and shrub (at least 100 records 
per vegetation type). This gave us the taxonomie composition of the vegetation 
type. Each vegetation type was assigned an age class (0-3,  4-6, 7- 1 5 ,  16-30, 3 1 -60 
years, more than 60 years old), based on the growth form of the vegetation. The 
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degree of man-made disturbances (forestry) was estimated to be of class 0, 1 or 2. 
The class 0 indicates that the vegetation is  not inftuenced by forestry. The class 1 
indicates that the perturbation is smali : the intervention by forestry was performed 
in the past and is now attenuated. The class 2 is given in the case of recent 
intervention (plantation or undergrowth clearing). 
The 3 1  vegetation types were analysed using the coefficient of Gower and 
intermediate linkage clustering (Legendre & Legendre, 1 983).  The most similar
types were combined in one. This led to the establishment of 2 1  different types. 
From the raw vegetation data we calculated severa) composite indices to 
condense the information into a smali set of variables : the strata diversity (foliage 
height diversity, MacArthur & MacArthur, 1 96 1 ) ; the herb layer percent coverage, 
the shrub coverage, the tree coverage, the coefficient of variation (CV) for the 
distances between trees and between shrubs (horizontal heterogeneity, Roth, 
1976) ; the CV for the heights of trees and of shrubs ; the CV for the diameters of 
trees. From the taxonomie composition, we calculated the proportion of each tree 
and shrub species, the species diversity (Shannon index, Magurran, 1 988) for trees, 
for shrubs, and for both combined. The processing and mathematical treatment of 
surface areas and co-ordinates were performed with the geographical information 
system software GEOBASE (Blaise & Gessler, 1 992) and IDRISI (Eastman, 1 992)
on a persona) computer. 
BIRD COUNTING 
Bird counting was based on the spot mapping method (Blondel, 1 969 ; 
Verner, 1 985). The 4 forest plots, indicated in figure 1 ,  are strips th at are 100 rn 
wide by 1 600-2 000 rn long. We mapped ali registered pigeons, woodpeckers and
passerines on the maps shown in Appendix 1 ,  but on a scale of about 1 :700. We 
noted the birds even if they were outside the limits of the plots . The maps were 
25 rn broader on each side for that purpose. This was done to correctly assess the
territories that overlap the borders of the plots. We made ten censuses in each plot 
during the breeding season, 7 of them early in the moming and 3 in the evening, 
between the end of March and the end of June 1 989. We estimated a « paper 
territory » as a cluster of at least three contacts, indicating the presence of a 
territory bolder, at different days (Berthold, 1 976). We computed the densities of 
paper territories in each vegetation patch. Territories that overlapped two or more 
vegetation patches were divided between the patches according to their proportion 
of bird contacts in each patch The efficiency of finding paper pairs was tested by 
comparing the results of the described method with an intensive search in the same 
forest (the grid census method of Blondel, 1 969). Tests were done in a riparian 
forest at Lake Neuchâtel, Switzerland, in 1 987. Seven censuses were performed on 
a surface of 8 ha. Ninety per cent of ali pairs present at the site were recorded as 
paper pairs, essentially the difficult and rare species were overlooked. 
ST A TISTICAL ANAL YSIS 
Because we concentrate here on the general relationships between the 
vegetation and the bird community, patches of the same type were lumped 
together. Control measurements retained only the vegetation types for which the 
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species-area curve (Williams, 1 943) reached a near-plateau, indicating an approxi­
mately complete set of bird species. We excluded 5 vegetation types, and only the 
1 6  remaining types were subjected to the analyses. 
We performed a cluster analysis on the bird data matrix, using the coefficient 
of Bray-Curtis and the intermediate linkage clustering (Legendre & Legendre, 
1 983 ) .  We performed analyses of regression with the variables of the vegetation 
and th ose of the bi rd assemblages (number of species, Shannon diversity). We used 
as dependent variables the various descriptors of vegetation and the indices 
described above. In one specifie case (Fig. 3), we compared two regressions using 
a test for equa1ity of slopes followed by an analysis of covariance (Sokal & Rohlf, 
1 9 8 1  ). In cases where we computed simultaneous regressions, we corrected the 
level of type I error using the Bonferroni method (Sokal & Rohlf, 1 987 ; Krauth, 
1 988). 
We studied the effects of vegetation on the whole bird assemblage using 
simple and partial canonical correspondence analysis (Ter Braak, 1 986, 1988a ; 
Jongman et al. ,  1 987), using the software CANOCO (Ter Braak, 1 988b). Because 
our sample size is small (n = 1 6), we performed a step-by-step procedure of 
selection of the environmental variables, retaining only the variables that ex­
plained most of the variance. Partial correspondence analysis was needed to 
distinguish between the effects of vegetation structure and those of the plant 
taxonomie composition. To do this we used the Borcard et al. ( 1 992) variation 
partitioning method. The total variation in the bird data matrix (vegetation types x 
bird species table) can be decomposed in four fractions : the fraction of variation 
explained 1 )  exclusively by the vegetation structure, 2) exclusively by the plant 
taxonomie composition, 3) in common by the vegetation structure and by the 
taxonomie composition, and 4) an unexplained fraction (see Borcard & Legendre, 
1 993 ). In ali ordinations we used the logarithms of the bird species abundances for 
the construction of the bird assemblage matrix. 
RESULTS 
The description of the 1 6  types of vegetation patches are presented in Table I 
and Appendix 1 .  The basic results of the bird mapping for the whole forest strips 
and for the various vegetation patch types are given in Appendix 2. The number of 
nesting bird species is high (37), not including large and rare birds. A cluster 
analysis on the bird data matrix reveals considerable similarity of data among the 
four forest strips and, in contrast to that, a differentiai bird assemblage structure in 
the different patch types (Fig. 2). The vegetation types are compared with the 
whole forest plots in this cluster analysis. The bird assemblages of complete forest 
plots most resemble those of late-successional and undisturbed patch types. 
Table Il shows the results of regression analysis between the vegetation 
variables and the variables for the bird assemblage in ali forest patch types. The 
first group of variables deals with the physical structure of the vegetation ; here, 
the natural logarithm of age class showed the strongest correlation with bath bird 
species richness and diversity. The diversity of stratification corresponds to the 
foliage height diversity of MacArthur & MacArthur ( 1 96 1 ) ; it correlates with bird 
species diversity. The second group of variables in Table Il deals with the plant 
taxonomie composition. Here the diversity of shrub species correlates best with 
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Figure 2. - Dendrogram based on similarities of bird assemblages in the 16 vegetation types and in 
the 4 forest plots. Names are abbreviated as in figure 1 and Table 1. 
bi rd species richness and diversity. The natural logarithms of the tree age types and 
the species numbers of ligneous plants correlate positively (product-moment 
correlation coefficient r = 0.72, p < 0.0 1 ) . 
In figure 3 the vegetation data set has been divided into two groups, namely 
forest patches that had not been disturbed by forestry ( disturbance class 0) and the 
disturbed ones (disturbance classes 1 and 2). The disturbed forest patches have 
lower values of natural logarithms of bi rd species numbers than the non-disturbed 
patches .  Separate regressions for disturbed and non-disturbed forest patches lead 
to two nearly-parallel regression lines that both are statistically significant (in both 
cases p < 0.0 1 ). No significant difference between the slopes could be detected 
(p = 0.72, test for equality of slopes), but the two adjusted means differ (p < 0.025, 
analysis of covariance) . The relation between the logarithm of age class and 
species richness is not thought to be log-log linear (e.g. Ferry & Frochot, 1 970 ;
Dierschke, 1 973 ; Glowacinski, 1 975 ; Harris ,  1 984 ; Muller, 1 985 ; Urban & 
Smith, 1 989). Log-log linear regression was however used as it fits weil with our 
data, probably because the successional time at lake Grand Lieu is quite short (60 
to 200 years),  and as it allows us to perform a simple covariance test. The natural 
logarithms of the age classes are not correlated with the disturbance level 
(r = 0.08). The simple regression of the independent variable « disturbance class » 
and the natural logarithm of bird species number shows no relation at ali . 
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TABLE 1 
Description of main vegetation types in forests at lake Grand Lieu. A = age class, 
p = degree of perturbation, S = number of bushes and trees species, n = number of 
patches. X-axis of the profiles is percentage cover (0-100 o/o), Y-axis is height (0-42 m). 
Vegetation type 
Early-successional 
zones with dense grass 
layer and sparse scrubs 
2 Early-successional 
zones with dense fern 
Pleridium aquilinum 
layer and sparse scrubs 
3 Early-successional 
zones with dense grass 
layer and numerous 
bushes 
4 Plantation of young 
chestnut Castanea 
saliva 
5 Dense bushes 
6 Plantation of conifers 
7 Young oak forest 
Quercus rob ur with 
dense bush layer 
A 
p 
s 
n 
A 
p 
s 
n 
A 
p 
s 
n 
A 
p 
s 
n 
A 
p 
s 
n 
A 
p 
s 
n 
A 
p 
s 
n 
8 Plantation of adolescent A 
chestnut Caslanea p 
saliva S 
n 
0 - 3  y. 
0 
3 
7 
0 - 3  y. 
0 
3 
6 
4 - 6  y. 
0 
8 
27 
4 - 6  y.  
2 
5 
4 
profile 
L
L
L
b_
1 6 - 30 y l
2 1 
6 t;;:: 
1 0  
Vegetation type 
9 Temporarily floodcd A 
oak forest with medium p 
undergrowth S 
n 
10 Old-growth oak forest A 
with sparse p 
undergrowth S 
n 
I l  Old-growth oak forest A 
with mediwn p 
undergrowth S 
n 
12 Old-growth oak forest A 
with dense undergrowth p 
s 
n 
13 Dense bushes with A 
sparse trees p 
s 
n 
14 Thin old-growth oak A 
forest with dense p 
undergrowth S 
n 
15 Old plantation of Pin es A 
Pinus pinasler with p 
sparse undergrowth arid S 
understory of oaks n 
16 Old-growth oak forest 
with cleared 
undergrowth 
A 
p 
s 
n 
> 60 y. 
0 
14  
I l  
> 60 y. 
0 
20 
47 
> 60 y. 
0 
1 8  
80 
> 60 y. 
0 
1 2  
1 2  
> 60 y. 
1 
1 4  
2 
> 60 y. 
1 
1 2  
8 
> 60 y. 
2 
1 0  
I l
profile 
Ordination is more explicit in presenting the relative importance of severa] 
variables to the bird assemblage composition. It takes the whole bird assemblage 
matrix into account and not just a synthetic index. The complete bird data set was 
subjected to canonical correspondence analysis, first with the variables of plant 
structure, then with the variables of plant taxonomie composition as explanatory 
variables for the bird matrix (Figs. 4a and b) . In bath cases,  we found three plant 
variables that significantly explain the variation in the bird data. For plant 
structures they were : tree diameter heterogeneity, (p = 0.005, 999 permutations), 
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TABLE Il 
Analysis of regressions between plant variables and bird variables of all forest patch 
types. The upper group of values are those obtained with variables of plant structures, 
the lower group was obtained with variables of plant taxonomie associations. Values 
in bold indicate signi.ficant relation at the Bonferroni corrected levet of 5 % 
(a ' =  0.05122 = 0.0023). 
Variables of vegetation 
Bird species richness Bird species diversity 
n radj . coeff p n radj .  coeff p 
Diversity of strata (FHD) 16 0.22 20. 19  0.0372 16  0.46 1 .27 0.0023 
Horizontal heterogeneity of 16 - 0.03 1 3 .21  0.4538 16 - 0.05 - 0.4 1 0.6270 shrubs 
Horizontal heterogeneity of 1 3  - 0.08 - 6.03 0.7369 1 3  - 0.06 - 0.29 0.6039 trees 
CV of shrubs' height 16 - 0.07 2.21 0.8636 16 0.02 0.66 0.2661 
CV of trees' height 1 3  0.28 16 . 16  0.0377 1 3  0. 17 0.42 0.0922 
cv of trees' diameters 1 3 0.32 29.43 0.0264 1 3  0. 1 8 0.75 0.0836 (dbh) 
log of age class 16 0.54 9.04 0.0007 1 6  0.64 0.46 0.0001 
degree of disturbance 16 0.07 - 3. 1 5  0. 1 59 1  1 6  - 0.07 - 0.02 0.8632 
Tree species diversity 16 0.47 10.09 0.0021 16  0. 1 8 0.33 0.0565 
Shrub species diversity 16 0.65 12.39 0.0001 16  0.5 1 0.53 0.0011 
Ligneous plant diversity 16 0.66 1 2.06 0.0001 16  0.33 0.43 0.01 12  
percentage coverage by shrubs (p = 0.045) and age class (p  = 0.0 1 6).  The first 
ordination axis separates early-successional stages with high percentage cover of 
shrubs from other vegetation types that show a high heterogeneity of trunks ' 
diameters. The second axis is best correlated with the age of the vegetation 
(Fig. 4a). The first two ordination axes explain 1 9  % and 1 2.4 % of the variance in 
the bird data. For these axes, the bird-plant structure relationship is significant 
(p = 0.005 and p = 0.035).  For the plant taxonomie composition, the three
significant variables are : proportion of Quercus pedunculata (p = 0.002), propor­
tion of chestnut bushes Castanea sativa (p = 0.006) and Shannon diversity of 
ligneous plant species (p = 0.0 14). The first ordination axis shows a gradient 
reflecting the succession by the importance of oak trees and of chestnut shrubs. 
The second axis distinguishes disturbed from undisturbed vegetation types by the 
richness of ligneous plants (Fig. 4b) .  The first two axes of ordination explain 
22.2 % and 1 1 .5 % respectively of the variance in the bird data, both values being 
statistically significant with p = 0.006 and p = 0.047. The sum of ali unconstrained
eigen values (the trace of the covariance matrix of bird data) equals 0.586 for both 
ordinations. 
To gain insight into the relative importance of plant structure variables and of 
plant taxonomie composition variables in structuring the bird community, we 
subjected the data to partial canonical correspondence analysis. The analysis was 
restricted to the three variables in each set of plant data explaining most of the 
variance in the bird data, the ones indicated above. The results are presented in 
Table III and figure 5a. The individual contributions due to the vegetation structure 
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Figure 3. - Regression analyses with the logarithms of bird species number S as dependent variable, 
and the logarithm of the age class of the vegetation as dependent variable. The wood patch types are 
divided into two groups, those disturbed by forestry (triangles) and those not disturbed (squares). 
and to the plant composition are similar ( 17 % ). Their common contribution is 
high (2 1 % ) .  Rotenberry ( 1 985) proposed that birds may differentiate between 
gross habitat types on the basis of physiognomy, and within the proper habitat type 
on the basis of plant taxonomie composition. Thus the relative influence of 
ftoristics on the bird assemblage should increase as the range of habitat types 
diminishes. We have tested this hypothesis by removing the 3 early-successional 
vegetation types 1 ,  2 and 3 .  Indeed, Table III and figure 5b show that the 
taxonomie composition gains in importance over the plant structure variables as 
the range of habitat types is reduced. 
DISCUSSION 
We have shown th at the distribution of nes ting birds in a ri parian forest varies 
in the mosaic patches in relation to the vegetation (Table Il) . The Shannon 
diversity of birds increases locally with the structural diversity of the plants, as 
demonstrated before, but on a whole-forest scale (e.g. MacArthur & MacArthur, 
1 96 1  ; Recher, 1 969 ; Blondel et al. ,  1973 ; Wilson, 1974 ; R!1lv, 1975 ; Erdelen, 
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TABLE III 
Partitioning of the variation in the bird data matrix explained by the variables of the 
vegetation structure and of the plant taxonomie composition. The sums of eigenvalues 
are given with the ir corresponding percentages of variation. The ordination methods 
used are : CA = correspondence analysis, CCA = canonicat CA, pC CA = partial CCA. 
For the analyses without the early-successional types, the percentage variation due 
exclusively to the structure is 15 %, due exclusively to the taxonomie composition is 
23 %, due in common to the structure and to the taxonomie composition is 
36 % - 15  % = 44 % - 23 % = 21 %. The total explained variation is 36 % + 23 % = 
44 % + 15 % = 59 %. 
For ali the Without the 
Method vegetation types early-successional vegetation 
(n = 16) (n = 1 3) 
CA Sum of ali unconstrained eigenvalues 0.586 ( 100 %) 0.501 (100 %) 
CCA Sum of eigen values, constrained by the 0.223 (38 %) 0. 1 8 1 (36 %) variables of vegetation structure 
Sum of eigen values, constrained by the 
CCA variables of plant taxonomie composi- 0.22 1 (38 %) 0.219  (44 %) 
ti on 
Sum of eigenvalues constrained by the 
pCC A variables of vegetation structure, after 0. 101 ( 1 7 %) 0.076 ( 15  %) 
removing the effect of plant taxonomy 
Sum of eigen values, constrained by the 
pCC A variables of plant composition, after 0.099 ( 1 7  %) 0. 1 14 (23 %) removing the effect of vegetation struc-
ture 
1 984 ; Swift, 1 984 ). In contrast to the findings of Roth ( 1 976) the horizontal 
structural heterogeneity inside a forest patch type does not appear to be important 
for bird diversity in our case. It is biologically meaningful that the age classes 
correlate best with species richness in birds ; this structural variable is related to 
succession as are other plant structural descriptors to a lesser degree. The ftoristic 
variables correlate well with the indices of bird assemblages. They are also to be 
interpreted in the context of plant succession. 
That forestry influences the bird assemblage has been postulated in more 
general studies (Harris,  1 984 ; Blondel, 1 986 ; Virkkala, 1 987 ; Saxon, 1990 ; 
Thiollay, 1 992). Our findings indicate that even on a small scale, and with forestry 
methods other than clearcuts (undergrowth clearing, plantation), the bird assem­
blage reacts as if disturbances were of high amplitude. The effect (lower species 
number) is independent of forest age and it is not known whether it will last over 
several years. 
As in the regression analysis, the results of canonicat correspondence analysis 
show that vegetation variables best correlated with the bird assemblage variance 
(arrows in Figs. 4a and b) are those related to plant succession. The effect of 
disturbance by forestry is Jess apparent here than with regression analysis. This 
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Figure 5. - a) The result of partial canonical correspondence analysis based on the first three
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indicates that the disturbance lowers the total number of bird species but does not 
eliminate any particular species from the assemblage (see however Rolstad, 1 99 1 ). 
The value of the trace of the covariance matrix is low (Jongman et al. ,  1 987). 
This indicates that the total dispersion of the bird matrix is  low. This is unexpected 
because a wide range of forest successional stages had been sampled. Neighbour­
hood effects that are not taken into account here increase the homogeneity of the 
bird assemblage (Bersier et al. ,  submitted). 
An equal amount of variation in the bird data is explained either by the 
variables of vegetation structure or of plant taxonomie composition. Plant structure 
as weil as taxonomie variables are important for the bird assemblages. The 
corn mon effect of both components is 2 1  %, indicating th at both sets of vegetation 
variables are mutually dependent. This was pointed out before (e.g. Wiens & 
Rotenberry, 1 98 1  ; Hino, 1 985), and is not a surprise : particular plant species have 
particular physiognomy. If we restrict our analysis to forest vegetation types 
without early-successional types, the importance of plant taxonomie composition 
increases. This is consistent with the hypothesis of Rotenberry ( 1 985). Vegetation 
structure is more important for birds on a larger scale, taxonomie composition 
more so on a smaller scale. A detailed study of this scale-dependent habitat 
selection is presented elsewhere (Bersier & Meyer, in press). 
The bi rd assemblage of a ri parian forest is tied to the successional stage of the 
forest. The diversity of the plant stratification as weil as the low-scale floristic 
composition appear to have sorne value for predicting bird species diversity. The 
bird assemblage differentiates however only to sorne extent with these environ­
mental variables, thus the action of the vegetation variables is partially obscured 
by the mosaic pattern of vegetation patches. Based on correlation patterns that are 
biologically meaningful, a hypothesis for causes and effects on the bird assem­
blage is to be formulated and tested at other biogeographie locations. 
SUMMARY 
The vegetation structure and the plant taxonomie composition of riparian 
forests, together with the birds, were mapped and analysed. The forest plots were 
1 00 rn wide and 1 600 to 2 000 rn long, and were located near lake Grand Lieu, 
Brittany, France. The plots were not homogeneous, but a mosaic of different 
vegetation types. The patches of the same vegetation type were combined. We 
recognized 2 1  vegetation types, but we retained only 16  that were of sufficient size 
to neutralize species-area effects. Variables of vegetation structure as weil as 
variables of plant taxonomie composition associated with plant succession showed 
the strongest correlations with the variables of bird community. Disturbances 
caused by forestry is correlated with reduced bird species richness in forest patches 
of ali ages. Canonicat correspondence analyses of the bird data constrained by the 
vegetation data ailowed us to identify that variables that explain most of the 
variance in bird data are those related strongly to succession. Partial CCA revealed 
the relative influence of plant structure versus floristic variables as weil as their 
combined influence on bi rd community structure ( 17, 1 7, 2 1  % respectively). 
When the same analysis is applied after removal of early-successional vegetation 
types ,  the importance of floristic variables increased. 
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RÉSUMÉ 
Nous avons analysé et reporté sur plan la structure et la composition en 
espèces de la végétation, ainsi que des oiseaux nicheurs des forêts riveraines du lac 
de Grand Lieu, en Bretagne (France). Les parcelles d'études sont des bandes de 
100 rn de large et de 1 600 à 2 000 rn de long. Les parcelles ne sont pas
homogènes, mais constituent une mosaïque de différents types de végétation. Nous 
avons combiné les zones de même type de végétation. Nous n ' avons retenu que les 
types de végétation pour lesquels la relation nombre d'espèces d'oiseaux-surface 
atteignait un plateau. Les descripteurs de la structure de la végétation et de la 
floristique associés à la succession forestière sont les mieux corrélés avec les 
paramètres de structure de l 'assemblage en espèces d'oiseaux. Les perturbations 
causées par la sylviculture sont inversement corrélées avec la richesse en espèces 
d'oiseaux dans les types de végétation de tout âge. Nous avons effectué des 
analyses canoniques des correspondances simples et partielles, contraintes par les 
variables de la structure de la végétation et de la composition floristique. Les 
résultats confirment que les variables expliquant le plus de variation dans la 
distribution des oiseaux sont celles liées à la succession forestière. L' analyse des 
correspondances partielle révèle les influences individuelles de la structure de la 
végétation et de la floristique, ainsi que leur influence commune (respectivement 
17 ,  1 7  et 2 1  % ). Nous avons effectué la même analyse après avoir éliminé les types 
de végétation des premiers stades de la succession. Le résultat montre que 
l ' influence de la floristique augmente lorsque l 'on diminue ainsi l 'échelle d'étude. 
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APPENDIX 1 
Description of the 16  vegetation types. The vegetation types are indicated as in 
Table 1. 
Vegetation type 
Total surface aRa (ha] 
Man-made pertwbation 0 
1 
1 
0 0 
4 
0 
6 
3 
0 
4 
9 10 I l  12 13 14 15 16 
2 
0 
1 3  4 
0 0 
6 6 
0 
6 
19 
0 
6 Age..:la .. 
Pcrcentagc cover 0 • 0.25 m 100 100 100 69 100 92 100 100 99 
87 
62 
48 
53 
1 00  100 1 00  100 
6 
96 
96 
92 
40 
32 
6 
85 
74 
5 1  
20 
26 
2 
6 
93 
79 
so 
22 
29 
0.25 • 0.5 rn 92 
0.5 - 1  m 77 
l - 2 m  46 
2 - 4 m  0 
4 - 8 m  0 
8 - 16 m  0 
16 - 32 m  0 
Meandistancebetw. IReS [ml 
Standard deviation 
Mean ll<eS' height 
Standard deviation 
Mean dbh [cm] 
Standard dc"iation 
Mean distance betw. shrubs [rn] 2.3 
Standard deviation 2.2 
Mean shrubs' beight 1 . 3
Standard deviation 0.6 
Nwnber ofligneous species 
Dominant trec species (l!: 10 %) 
Alnu.•sp. 
BeN/a pendula 
C œlanea .Jativa 
Querc&u robur 
Carpinus betulus 
Abies a/ba 
Prunuspadus 
Pinus pinas/er 
Robinia p.uudoocacia 
Dead ..... 
Dominant shrub species (� 10 %) 
Ulex europoeu.J 40 
CraJoegu.t .1p. 
Alnu.J sp. 
Be tula pendula 
100 100 46 100 77 
100 38 
100 38 
S6 92 
96 77 100 100 68 88 
84 
64 
68 
100 100 46 96 54 96 100 32 
76 95 69 87 
9 1  
77 
46 
88 92 28 
0 1 3  77 68 62 24 
0 
0 
0 
2.7 
1 . 8  
1 . 6  
0 . 3  
0 
0 
0 
1 .7 
1 . 1  
2. 1 
0.7 
10 
10 
69 4 85 
54 0 1 5  
0 0 0 
1 .6 3.5 2. 1 
1 . 2  2.0 1 . 1  
49 3 1  63 
8 100 6 1  
0 0 I l  
2.4 2. 1 2.6 
1 .2 0.8 1 .2 
76 32 60 12 54 1 4  
88 38 92 80 52 6 2  86 
48 64 72 68 84 24 
2.7 8. 1 3.4 3 . 1  5.4 3.2 3.7 
1 .2 6.0 1.7 1.4 2.8 1.7 1 . 9  
8. 1 
2. 1 
6.6 
2.8 
8.3 1 1 .3  9. 1 
1.9 4.4 2.6 
9.0 l i .S 9.6 
3.4 6.3 5.0 
1 1 .7 1 4.4 2 1 . 3  1 8.9 18.3 22.4 2S.2 26 1 8.8 
2.9 6.3 9.7 1 1 .2 13 .2 22.7 12 .5  19.4 8.6 
1 1 .2  1 5.6 20.6 29.3 23.6 20.5 30.3 32.2 20.6 
5.5 8.9 1 5.7 25. 1 13.6 14. 1 18 .5  22.7 12.2 
1.8 
1 .0 
1 . 9  
1 . 1  
1 .4 2.0 I .S  
1 .2 1 . 1  1 . 3  
2 . 4  2.3 2.5 
0.7 1 . 1  1.0 
14 8 1 1  
40 
20 
1 .4 1 .6 1 . 3  I .S 2.0 1 .4  0.9 I .S  1 .6 
0.8 1 . 4  1 .0 1 .2  1 .5 1 .0 O. 7 1.2 1 .0 
1.6 2.0 1 .6 2.0 2.0 2.4 1 .3  1 .6 1 .6  
1 .2 1 . 1  1 .2 1 . 1  0 .9  0.8 0 .6  1 .2  1 . 1  
6 1 8  1 2  1 4  2 0  1 4  1 2  1 0  
� 40 m � r o  40 m 
so 60 � so 40 80 60 80 60 � 
so 
20 1 0  
20 
1 0  
10 20 
20 
10 20 
20 
40 
10  
Castanea satWa 20 50 10 70 1 0  70 10 10 10 20 10 10 20 
Quercus robur JO 60 30 20 10 30 30 10 10 10 20 20 
10 ;lcer p.Jeudoplatanus 
Fraxinu.J �.'Ccelsior 
Genis ta linctoria 
/lex aquifolium 
U/mu.s minor 
Ruscrts aculea/us 
Pimu .rylvestris 20 
Pynu pyra.tler 
Popttlu.J sp. 
Rohinia pseudoococia 20 
Rubu.J fruticosus 
Salix sp. 10 
Dead shrubs 
10 
20 20 
10  
40 
10 
29 
10 
10 10 
20 
20 
1 0  
20 
20 
10 10  
10  
20 
40 10 40 40 40 m 10 so ro 
10  m 10  10 
APPENDIX 2 
Densities of nesting bird species in the 16 vegetation types and in the four forest plots.
abbrev. 
oolpal 
strtur 
pievir 
picmaj 
picmin 
.... (ba] 
Columba palumbu.J 
Stnptopelia lll.rtur 
Plcu.J vlridi.J 
Picoit:k.J major 
Plcoidt!J minor 
Densities are calculated for 10 ha.
1 .4 
v.....- �rpe 
4 5 7 • ' " " u u � " u 
1.7 
2 2 19 Il 4 2 
2.9 8.4 1.7 5.8 4.3 3.8 3.3 7.7 4.9 4.9 1 3.2 2.0 
1.7 0.3 0.4 1 .2 
0.8 
2.3 3. 1 
1 . 7  0 . 6  0 . 8  1 . 4  1 .6 1 .5 
1 .6 3.0 2.5 3.3 1.2 10.4 4.6 
0.3 
Swyq Mrip  
A. B C D 
9 /9 /8 16 
3.8 3.6 3. 1 6.6 
/. 1 0.6 
1. 1 0.5 0.6 0.6 
4.3 1.1 1.5 1.6 
0.3 
trotto TroglodyteJ trogl. 1.3 18.9 2 1 .0 25.2 28. 1 7.3 6.9 5.0 22.4 22.9 28.8 26.4 36.3 33.6 18.3 35. 7 11.3 21.5 12.5 
prumod PTVMI/a modu/oris 5.0 3.$ 1.1 0.8 2.6 0.4 3.2 3.6 3 . 1  1 .0 7.6 0.3 / .  7 
erirub EriiJJDCiu rviHCtl/a 
humeg Lu.Jcinia megarynch. 
turmer Turdus meru/a 
turpbi Turdus phi/ame/os 
turvis 
cetcet 
bippol 
sylcom 
sylbor 
sylatr 
phycol 
regreg 
Turdu.J vi.Jcivont.J 
Cettia ctlli 
llippolois polyglollo 
Sylvia communi.J 
Sylvia borin 
Sylvia alricapilla 
Phylloscopus col/yb. 
Reguhi.J rtpluJ 
regign Regulus igrricapi/lus 
musstr 
aegcau 
po:pal 
parai 
Mu.Jcicapa striOio 
Atgilho/os caudaJus 
Pan�s po/us tris 
Parus cristatu.J 
Paf'V.J caervlew.J 
2.5 9.8 2.7 14. 1 23.8 1 7.3 12.2 16. 1 20.9 8.2 14.3 18.9 13.6 4.7 3 . 1  1 2. 1  
1 .6 
7. 1 1 3 . 1  1 1 .6 8.5 12.2 4.3 7.S 8.4 7.3 15.0 9.2 6.8 6.2 4.4 
2. 1 1 .9 1 .8 0.7 1 . 1  1 .0 3.6 3.8 9.9 
3.7 
10.6 
4.3 
4.8 
0.8 2.2 0.4 0.6 0.9 
0.4 0.6 0.7 2.7 
27.8 2 1 . 9  7 . 9  1 .7 1 .0 3.8 1 . 1  3.7 26.8 4 . 6  3 . 1  
0.4 
5.4 24.6 28.9 14. 1 60.2 24.0 4 1 . 1  9.0 1 7.4 14.2 IS.7 37.2 44.8 42.7 7.7 1 1 .2  
1 .7 2S.2 26.2 10. 1 4 1 .0 36.6 48.3 9.S 29.9 24 .9  3 1 .0 57.6 52. 1 71 .5  S2.5 27.7 
4.3 
1 .2 
8. 1 
u 
4.0 
4.6 1.0 
0.7 
0.2 
S.4 0. 1 0. 1 1 . 8  0 . 8  
3.9 2. 1 S.l  2 . 4  1 .6 9 . 6  2.0 
8.0 7.6 1 .7 2.0 2.4 2.S 4. 1 
/6.8 13.9 /1.0 18.8 
0.3 
17.8 5.6 7.9 9.4 
4.9 0.8 3. 1 
0. 6 0.5 0.8 
5.4 0.3 
1 . 1  0.6 0.3 
0. 6 
8. 7 6.9 5.4 2.1 
49.2 /9.5 26.1 20. 7 
Jl.J 34.4 39.9 29.8 
0.6 
0.8 
2.2 0.3 
4.9 3.6 1.5 /.9 
1. 1 2.8 1. 7 /.3 
0.5 
6.6 S.7 6.4 IS.9 8.S 8.8 8.2 16.3 1 1 .6 12.9 1 9.0 1 1 . 1  14.8 24.6 14.S 16.1 /0.8 13.3 13.5 pon:ae 
parmaj Parus major 1 .2 4.3 14. 1 6.4 S.3 6.5 4. 1 10.0 IO.S 8.7 7.4 S.3 3.3 2.S S.9 8. 1 3.9 7. 1 9. / 
siteW' Sitto europ«a 
cabra Ctrlhia brochydoct. 
oriori Oriolus oriolu.J 
gar3la Gorrvlus glondarius 
picpie Pica pica 
stuwl 
fiicoe 
CllrChl 
embcit 
Stum11s vulgOI'is 
Fringilla c�ltbs 
C arduelis ch/oris 
Pyrrhula pyrrlmla 
C. coccothrauslts 
Emberiza cilrinello 
2.3 
0.9 1.3 1 .6 u 1.3 2.2 2 . 1  /. / 1 . 0  / . 4  0. 6 
3.6 4.0 3.8 i.3 20.0 10.7 14.0 1 1 .4 1 1 .4 23.3 1 3 .0 11.4 11.6 8.8 J. 6 
3.3 0.7 1. 1 
0.4 6.2  1 . 3  
0.7 
0.8 3.4 3.0 1 .6 3.0 3.0 S.2 1 .6 2. 1 1 .7  
0.4 0.9 
/.6 1.8 1.0 3.8 
/. 1 
1 . 1  2.2 0.8 1 .4 4. 1 3.7 1 .6 9.4 1.0 J.4 /.5 /. / /.J 
6.6 9.5 1 3 . 2  9.6 16.7 1 1 .4 1 7.6 23.8 25.6 16.9 26.4 14.4 17.7 33.7 1 7.6 18. 7 12. 1 /S.O 11.3 
0.8 
2.8 
30 
1 .6 0.7 
1 .6 0.2 0.8 3.2 
J .J  0.2 0.3 
0.9 
0.5 
1.6 0.3 0.6 
0.6 
0.6 
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